Abstract This article proposes four relationships of dynamic viscosity temperature dependence for a nonaddtivated mineral oil. The purpose of this study was to find a polynomial or exponential dependence between temperature and dynamic viscosity of mineral oil, using the Andrade equation changes. Equation constants A, B, C and D were determined by fitting polynomial or exponential.
Introduction
Viscosity is one of the most important physical properties of a fluid system. [1] [2] [3] [4] [5] Oil viscosity changes with shear rate, temperature, pressure, moisture, and concentration; all these dependencies can be modeled using different types of equations.
The effect of temperature on viscosity is normally fitted with the Arrhenius-type relationship:
where η is dynamic viscosity (Pa.s); A is the preexponential factor (Pa.s); E a is the exponential constant that is known as activation energy (J/mol); R is the gas constant (Jmol -1 K -1 ) and T is the absolute temperature (K). Modeling the temperature effect on the dynamic viscosity of mineral oils s important and has been investigated by various researchers [9−12] . Two parameters equations were proposed by . [6] Equation (2) lnη = A + BlnT (2) and - [7] . Equation (3)
and tree parameters equations were proposed by [8] , where A, B and C are constants, and T is absolute temperature (K). This article proposes four new relationships to describe the dependence of dynamic viscosity of mineral oil on temperature. Dynamic viscosity of oils was determined at two temperatures, 40 0 C and 100 0 C and for shear rate in the range 3.3 -120 s -1 . The purpose of this study was to find a polynomial or exponential dependence between temperature and dynamic viscosity for a mineral oil with no additive using Andrade equation changes.
Experimental
The mineral oil with no additive used in this work was provided by a company from Bucharest, Romania. The properties of mineral oil were: density 0.8727g/cm 3 , kinetic viscosity at 40 0 C is 8.83cSt and 100 0 C is 89.41cSt. The mineral oil has the following main components: hydrocarbons -75,01%, aromatic -20,55% and small amount of resins -4,43%.
The dynamic viscosity of the mineral oil was measured with Haake VT 550 viscotester. When using HV 1 viscosity sensor, the characteristics of this equipment are: shear rates between 3 and 120s -1 and measuring viscosities from 10 4 to 10 6 mPa.s. In this paper there are proposed four equations (eq. 8-11) to predict the dependence of the dynamic viscosity of mineral oils on the temperature. The software Origin 6.0 was used to determine equation constants from the measured for the mineral oil. In addition, the parameters A, B, C, η 0 , and D change with shear rate. Therefore, by imposing constant shear rate, the parameters can be determined. In order to determine the equation constants, the following steps were performed using the Origin 6.0 software: load the non-linear regression package, input experimental data, title xlabel, y-label and set the required equation, perform non-linear regression and plot experimental data and best fitted curve, calculate the mean square error and constant of determination and show the best fitted equation constants mean square error and coefficient of determination. The values of the constants from eq. (8) - (11) for the studied mineral oil are presented in Table 1-4 From the results of the regression tabulated in tables 1, 2, 3 and 4, it can be observed that the correlation coefficients varied between 0.9528 and 0.9999.
Results and Discussions
were T is absolute temperature A, B, C and D are constants corresponding to a dynamic viscosity of 50 Pa·s and width dT. 
Conclusions
This article proposes the relationship to describe the dependence of the dynamic viscosity of a mineral oil with no additive, on the temperature. Experimental data for one type of mineral oil were used to calculate the accuracy the proposed models. Equation constants were determined by exponential or polynomial beast curves obtained at different shear rates using the program Origin 6.0. The correlation coefficients thus obtained varied between 0.9528 and 0.9999.
